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ABSTRACT
We present a catalog of hard X-ray sources detected in the first 105 months of observations with
the Burst Alert Telescope (BAT) coded mask imager on board the Swift observatory. The 105 month
Swift -BAT survey is a uniform hard X-ray all-sky survey with a sensitivity of 8.40×10−12 erg s−1 cm−2
over 90% of the sky and 7.24×10−12 erg s−1 cm−2 over 50% of the sky in the 14−195 keV band. The
Swift -BAT 105 month catalog provides 1632 (422 new detections) hard X-ray sources in the 14− 195
keV band above the 4.8σ significance level. Adding to the previously known hard X-ray sources, 34%
(144/422) of the new detections are identified as Seyfert AGN in nearby galaxies (z < 0.2). The
majority of the remaining identified sources are X-ray binaries (7%, 31) and blazars/BL Lac objects
(10%, 43). As part of this new edition of the Swift -BAT catalog, we release eight-channel spectra and
monthly sampled light curves for each object in the online journal and at the Swift -BAT 105 month
Web site.
Subject headings: catalogs — surveys — X-rays:general
1. INTRODUCTION
Since the first X-ray satellite (Uhuru, Giacconi et al.
1971) launched on 1970, a large number of surveys has
been made in both the soft and hard X-ray bands with
extensive follow-up analysis. Forman et al. (1978) pre-
sented 339 X-ray sources observed with the Uhuru X-
ray observatory in the 2 − 20 keV energy band. Later,
HEAO -A4, the X-ray and gamma-ray instrument on-
board the HEAO 1 satellite, conducted all-sky survey
in the 13 − 180 keV range from 1977 to 1979 detecting
77 sources in its catalog (Levine et al. 1984).
Compared to the soft X-ray energy band, a hard X-ray
all-sky survey (> 10 keV) provides an important way of
studying astrophysical objects since such energetic hard
X-ray photons can pass through large columns of gas
and dust detecting even Compton-thick sources (NH >
1024cm−2, Ricci et al. 2015; Koss et al. 2016).
The Swift gamma-ray burst (GRB) observatory
(Gehrels et al. 2004), which was launched in 2004 Novem-
ber, and is successfully carrying on a all-sky hard X-ray
survey at 14 − 195 keV with the Burst Alert Telescope
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(BAT). The Swift GRB observatory is primarily designed
to detect transient GRBs with a coded-mask telescope
(Barthelmy et al. 2005) which has a very wide field of
view (∼ 60◦ × 100◦). When the BAT discovers a new
GRB, two narrow field instruments, the X-ray Telescope
(XRT; Burrows et al. 2005) and the Ultraviolet/optical
Telescope (UVOT; Roming et al. 2005), observe the GRB
candidate (Sakamoto et al. 2008, 2011; Lien et al. 2016).
Based on the stacking of these and other observations,
Swift has been successfully carrying out an all-sky sur-
vey.
The first Swift -BAT survey catalog used the initial 3
months of observations to study high Galactic latitude
sources (Markwardt et al. 2005). Tueller et al. (2008)
focused on active galactic nuclei (AGN) observed from
the first 9 months of data, and later Tueller et al. (2010)
provided a catalog of the first 22 months of data. Baum-
gartner et al. (2013) published the eight-channel spectra
as well as monthly light curves from the first 70 months
of data with improved data processing. Independent ef-
forts have also been made on the analysis of 39 month
(Cusumano et al. 2010a), 54 month (Cusumano et al.
2010b), 66 month, and 100 month Swift -BAT data by
the Palermo BAT survey12.
In the past decades, the International Gamma-Ray As-
trophysics Laboratory (INTEGRAL,Winkler et al. 2003)
has monitored hard X-ray sources using the Imager on
Board the INTEGRAL Satellite (IBIS, Ubertini et al.
2003). Bird et al. (2010) and Krivonos et al. (2010)
published soft Gamma-ray catalogs and 7-year all-sky
hard X-ray source lists. The INTEGRAL mission-based
hard X-ray catalogs, which covers energy range between
17 keV and 100 keV, provides a better angular resolu-
tion (∼ 12 arcmin of FWHM, IBIS coded-aperture in-
strument) than Swift -BAT survey catalogs which have
19.5 arcmin of FWHM. However, INTEGRAL-IBIS ob-
servations are concentrated on the galactic plane and
12 http://www.ifc.inaf.it/
2 Oh et al.
Fig. 1.— 105 month Swift-BAT survey all-sky exposure. The left panel shows the distribution of exposure times across the sky, the
middle panel shows an all-sky exposure map in a galactic projection, and the right panel shows the fraction of sky covered as a function
of exposure time. A half of the sky (50%) is observed with more than 15.3 Ms of exposure time, while 90% of the sky is covered with
11.4 Ms. Fraction of all sky covered by INTEGRAL-IBIS (Bird et al. 2016) as a function of exposure time is shown with dashed line as a
comparison.
the net average exposures are considerably shorter than
those of Swift -BAT at high galactic latitudes (figure 1).
Outside of the Galactic plane the Swift -BAT survey de-
tects more sources of primarily extragalactic nature, such
as AGN and clusters. The INTEGRAL-IBIS found se-
cure counterparts to 369 AGN from the first 1000 or-
bits (2002-2010, Bird et al. 2016) while the Swift -BAT
70 month survey catalog identified 872 AGN to BAT-
detected sources (Ricci et al. 2017a).
Following the most recent data release of the Swift -
BAT catalog (70 month13, Baumgartner et al. 2013), this
work extends the Swift -BAT survey to 105 months, in-
cluding observations carried out between 2004 December
and 2013 August. This catalog presents the 422 new de-
tections of hard X-ray sources along with detailed source
type classifications.
In Section 2, we briefly introduce procedures adopted
for the catalog generation and identification of counter-
part along with comparisons with other catalogs. Section
3 introduces structure of the catalog and describes flux
measurements, spectral fit, and monthly light curves. In
Section 4, we present the survey sensitivity and discuss
the uncertainties on the position of the matched coun-
terparts. Finally, we summarize our results in Section
5.
2. PROCEDURE
The data reduction, analysis, and catalog generation of
the Swift -BAT 105 month survey are conducted follow-
ing the same procedures as in the Swift -BAT 70 month
survey (Baumgartner et al. 2013). First, the data are
extracted in the eight channel energy bands (14 − 20
keV, 20 − 24 keV, 24 − 35 keV, 35 − 50 keV, 50 − 75
keV, 75 − 100 keV, 100 − 150 keV, and 150 − 195 keV)
from a single snapshot image. After combining the data
into all-sky mosaic images, a total band map images are
made from the eight channel bands mosaic images. A
blind search for detected sources in the 14-195 keV band
images is done based on 4.8σ detection threshold using
batcelldetect14. The task batcelldetect is run as-
suming a PSF FWHM of 19.5 arcmin, a source radius
of 15 pixels, a background radius of 100 pixels, and a
13 http://swift.gsfc.nasa.gov/results/bs70mon/
14 http://heasarc.gsfc.nasa.gov/lheasoft/ftools/ftools menu.html
partial coding threshold of 1%, following previous Swift -
BAT publications (Tueller et al. 2010; Baumgartner et al.
2013). An initial run of batcelldetect is done for source
detection. A separate second run of batcelldetect per-
forms position fitting with a search area of 12 arcmin
around the source. For significant detections above a
4.8σ detection threshold, we identified their optical coun-
terparts by searching the NED and SIMBAD databases
as well as archival X-ray data (e.g., Swift -XRT, Chandra,
ASCA, ROSAT, XMM-Newton, and NuSTAR).
Figure 1 illustrates the sky coverage in the 105 month
Swift -BAT all-sky hard X-ray survey. Swift -BAT ob-
served over 50% of the sky with more than 15.3 Ms of
exposure time, while 90% of the sky is covered with 11.4
Ms. The left panel in Figure 1 shows the distribution of
exposure times in the survey, and the right panel shows
the fraction of the sky covered as a function of exposure
time. The middle panel shows an all-sky exposure map
in galactic coordinates. By comparison, the 90% sky cov-
erage of INTEGRAL from Bird et al. (2016) used is 100
ks and the 50% is ≈600 ks.
Baumgartner et al. (2013) corrected the gain shift in
the Swift mission using the peak offset from 59.5 keV
calibration line to determine a gain correction factor.
The gain shift has stabilized after the end of 2008, with
changes less than 1% throughout the period of this survey
analysis (private communication, BAT team). Therefore,
for analysis beyond 2009, we adopt the same value of gain
shift as the last gain correction in 2008.
2.1. Counterpart identification
We inspected soft X-ray images provided by Swift -
XRT (3− 10 keV), Chandra (2− 10 keV), ASCA (2− 10
keV) and XMM-Newton (4 − 10 keV) for the newly de-
tected sources when available using 15 arcmin of match-
ing radius. Then we compared the soft X-ray im-
ages which provide well-defined X-ray coordinates (SNR
threshold>3) with optical images produced by the STScI
Digitized Sky Survey15, the Panoramic Survey Tele-
scope and Rapid Response System Data Release 1 (Pan-
STARRS DR116, Chambers et al. 2016), the Sloan Dig-
15 https://stdatu.stsci.edu/cgi-bin/dss form/
16 http://panstarrs.stsci.edu
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Fig. 2.— Examples of counterpart identification for ESO 080- G 005 (top panels) and 3C 98 (bottom panels). The Swift-BAT source
position is shown with a cross hair in the center of each panel. The cross hairs rotated by 45 degrees indicate the position of the identified
counterpart. Left : The Swift-XRT image in 3−10 keV band. Right : The STScI Digitized Sky Survey image. Inner and outer dashed-circles
indicate 50% and 90% of the Swift-BAT positional uncertainty (equation 1), respectively.
ital Sky Survey Data Release 12 (SDSS DR1217, Alam
et al. 2015) to confirm their optical counterparts (Fig-
ure 2). When there are multiple detections in the X-
ray images of sources bright enough with the same SNR
threshold to be considered as possible counterparts, we
assigned ‘multiple’ class, given that the Swift -BAT ob-
servation has a position uncertainty up to ≈13.8 arcmin,
which depends on the signal-to-noise ratio (see 3.3).
Based on these procedures, we identified 328 new hard
X-ray sources. The remaining 94 unidentified sources,
together with the 35 still unidentified sources listed in
the 70 month catalog, are further classified into three
categories depending on the presence of soft X-ray ob-
17 http://www.sdss.org/dr12/
servations (3 − 10 keV) and source detections. Sources
that have archival soft X-ray observations (e.g., Swift -
XRT, Chandra, and XMM-Newton) are assigned to ei-
ther ‘Unknown class I’ (N=36) or ‘Unknown class II’
(N=55, Table 1). When the observed soft X-ray images
do not show well-defined X-ray point source, ‘Unknown
class I’ is assigned, and further investigation is required
for identification. When there is a soft X-ray detection
from archival soft X-ray observation, we assigned ‘Un-
known class II’. We matched these sources whose opti-
cal counterpart is not known with Two Micron All Sky
Survey (2MASS18, Skrutskie et al. 2006) All-Sky Point
Source Catalog (PSC) and report the closest counter-
18 http://irsa.ipac.caltech.edu/Missions/2mass.html
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Fig. 3.— Counterpart source types in the Swift-BAT 105
month catalog. ‘Other Galactic’ shown with dark gray wedge
includes Galactic center (N=1), pulsars (N=25), supernova rem-
nants (N=7), novae (N=6), globular cluster (N=1), molecular
clouds (N=2), gamma-ray source (N=1). ‘Unidentified’ includes
Unknown classes (N=129) and sources with multiple soft X-ray
detections (N=10). ‘Galaxy Cluster’ includes compact group of
galaxies (N=1). ‘Seyfert I’ includes high-redshift broad-line AGN
(N=2). ‘Stars’ includes cataclysmic variable stars (N=75), symbi-
otic stars (N=4), open star cluster (N=1) and other types of stars
(N=12). ‘XRB’ indicates high mass X-ray binaries (N=108), low
mass X-ray binaries (N=109) and other types of X-ray binaries
(N=8). ‘Starburst galaxy’ indicates M82. See Table 1 for more
detail. (A color version of this figure is available in the online
journal.)
part within 5 arcsec of matching radius in Table 2. For
the rest ‘Unknown class III’ sources (N=38) for which
archival X-ray data are not available, we submitted co-
ordinates to the Swift -XRT observation with a request
of 10 ks of exposure time for a follow-up investigation.
Note that we cross-matched all unidentified sources with
the archival NuSTAR X-ray data and we detected no
additional counterparts.
2.2. Source type
Since we have reclassified source types (Table 1) com-
pared to that of the previous Swift -BAT 70 month survey
catalog, we reviewed the classification of sources reported
by the 70 month survey catalog to properly assign their
source types following the current scheme. The main
changes in counterpart source types compared to that
of 70 month survey catalog are in the AGN (including
‘Unknown AGN’, ‘LINER’, ‘Other AGN’, and ‘Seyfert’
classes) ‘Galaxy’, ‘QSO’, and ‘Unknown’ classes. We as-
signed ‘Unknown AGN’ when a source is associated with
an extended galaxy in the optical image but lacks firm ev-
idence of AGN optical emission diagnostics. ‘QSO’ type
is replaced with either one of sub-classes of ‘Seyfert’ or
‘Beamed AGN (Blazar/FSRQ)’ based on the presence
and shape of optical emission lines in the literature.
In order to provide reliable classification of source type,
we searched public optical spectroscopic surveys (Sloan
Digital Sky Survey and 6dF Galaxy Survey; Abazajian
et al. 2009; Jones et al. 2009; Alam et al. 2015), the
follow-up improved spectral line measurement database
of SDSS DR7 galaxies (the OSSY catalog, Oh et al.
TABLE 1
Counterpart Types in the Swift-BAT 105 Month Catalog
Class Source Type Number
10 Unknown class Ia 36
11 Unknown class IIb 55
12 Unknown class IIIc 38
15 Multipled 10
20 Galactic centere 1
30 Galaxy Cluster 26
40 Seyfert I (Sy 1.0-1.8)f 379
50 Seyfert II (Sy 1.9-2.0)g 448
60 LINER 6
70 Unknown AGNh 114
80 Beamed AGN (Blazar/FSRQ) 158
90 Cataclysmic Variable star (CV) 75
100 Symbiotic star 4
110 Other star 12
120 Open star cluster 1
130 Starburst galaxyi 1
140 Compact group of galaxiesj 1
150 Pulsar 25
160 Supernova remnant (SNR) 7
170 Nova 6
180 High mass X-ray binary (HMXB) 108
190 Low mass X-ray binary (LMXB) 109
200 Other X-ray binary (XRB) 8
210 Globular Cluster (GC) 1
220 Molecular cloud 2
230 Gamma-ray source 1
Total 1632
a Unknown class indicates that we do not know source type of the
optical counterpart. In particular, ‘Unknown class I’ is used when
there is no soft X-ray (3-10 keV) detection despite its archival soft
X-ray observation.
b ‘Unknown class II’ indicates sources for which there is a soft X-
ray detection with SNR threshold greater than 3 from archival soft
X-ray observation. When available, we list their 2MASS counter-
part source matched within 5 arcsec of angular distance in Table 2.
c ‘Unknown class III’ includes sources without archival soft X-ray
observations.
d ‘Multiple’ class indicates the case where there are more than
one soft X-ray detection.
e ‘Galactic center’ indicates Sagittarius A*.
f ‘Seyfert I’ includes high-z broad-line AGN (N=2).
g ‘Seyfert II’ includes Sy2 candidates (N=10) which present nar-
row emission lines in their optical spectral energy distribution.
h ‘Unknown AGN’ indicates X-ray sources associated with galax-
ies whose optical spectra and type classifications are not known.
i ‘Starburst galaxy’ indicates M82.
j ‘Compact group of galaxies’ indicates Arp 318.
201119), the 13th edition of quasars and AGN catalogues
(Ve´ron-Cetty & Ve´ron 201020) as well as recent investi-
gation from the Swift -BAT AGN Spectroscopic Survey
(Koss et al. 2017; Ricci et al. 2017a) and INTEGRAL
mission based X-ray catalogues (INTEGRAL General
Reference catalog21, INTEGRAL IBIS/ISGRI catalog,
Beckmann et al. 2009; Malizia et al. 2016) to determine
detailed source types that listed in Table 1. We also
used the Roma blazar catalogue (BZCAT) v5.022 (Mas-
saro et al. 2009) for reference to beamed AGN.
Table 1 and Figure 3 give a summary of counter-
part identifications for the Swift -BAT 105 month cat-
alog. Figure 4 presents the distribution of sources in a
Galactic coordinates with a Hammer-Aitoff projection.
The colors indicate the different types of sources and the
19 http://gem.yonsei.ac.kr/ossy/
20 http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/518/A10/
21 v40, http://www.isdc.unige.ch/integral/science/catalogue#Reference
22 http://www.asdc.asi.it/bzcat/
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Fig. 4.— All-sky map showing the classification of the BAT 105 month survey sources. The figure uses a Hammer-Aitoff projection in
Galactic coordinates. The size of the filled dots indicate the measured hard X-ray flux in three different scales (logf14−195 < 1.0 × 10−12
erg cm−2 s−1, 1.0× 10−12 erg cm−2 s−1≤logf14−195 < 1.5× 10−12 erg cm−2 s−1, and logf14−195 ≥ 1.5× 10−12 erg cm−2 s−1). The colors
correspond to each type of the source as shown in the legend. (A color version of this figure is available in the online journal.)
size of the symbol corresponds to the source flux in the
14− 195 keV band.
Figure 5 shows the counterpart types of the Swift -BAT
105 month sources in common with the INTEGRAL gen-
eral reference catalog (left) and the ROSAT all-sky sur-
vey (2RXS) source catalog (right, Boller et al. 2016). As
the ROSAT all-sky survey scanned the whole sky in the
0.1− 2.4 keV band (Truemper 1982), a large fraction of
the overlap with BAT and ROSAT is found for sources
identified as Seyfert I due to absence of absorption in
these objects. On the other hand, the INTEGRAL cata-
log has a large overlap with the BAT for galactic sources,
such as X-ray binaries, due to its deep galactic plane ex-
posures. In Figure 6, we present the number of each
sources of the various types that are not detected in
the INTEGRAL general reference catalog (left) and the
ROSAT all-sky survey (2RXS) source catalog (right). It
is clearly seen that Swift -BAT detects a large number of
extragalactic sources, primarily AGN, that are not de-
tected by either ROSAT or INTEGRAL.
The Palermo Swift -BAT hard X-ray catalog identi-
fied 1286 hard X-ray sources in their latest publica-
tion (Cusumano et al. 2010b) using data acquired in
the 54 months of the Swift -BAT operation. The cata-
log adopted a 4.8σ of significance threshold from at least
one of the three energy bands (15− 30 keV, 15− 70 keV,
and 15− 150 keV). The total number of spurious detec-
tions varies between 15 and 45 depending on detection
in each energy band, compared to one spurious detection
in the entire sky at the same threshold level achieved by
the BAT catalogs as Tueller et al. (2010) described.
We measure the overlap between the Palermo 54 month
BAT catalog and this work using a 15 arcmin matching
radius to test whether the BAT detection maps agree be-
tween the two processing routines. Since the 54 month
catalog was released in 2010 before much of the soft X-ray
data was available, 30 out of 1286 sources have multiple
counterparts listed for a single BAT detection, which we
exclude. We confirmed that 68% of the sources identi-
fied in this work (1125/1632) are in overlap with the 54
month Palermo Swift -BAT catalog. Of the 1125 sources
common in both catalogs, the 105 month catalog presents
102 new detections with respect to the 70 month cata-
log. The majority of the common sources (969/1125) are
AGN (N=777) or X-ray binaries (N=192). Meanwhile,
507 sources are found in the Swift -BAT 105 month cat-
alog but not in the Palermo 54 month catalog. Among
those sources not detected in the Palermo 54 catalog,
bulk populations are AGN (N=347) or unknown type of
sources (N=109). It is also noteworthy to mention that
the 159 sources are detected in the 54 month Palermo
Swift -BAT catalog but not in this work. Of the 159
sources detected in Palermo but not detected in the 105
month catalog at 14−195 keV, the majority are detected
at softer energies either in the 15−30 or 15−70 keV band
(65%, 104/159). The 159 sources that are only detected
in the 54 month Palermo Swift -BAT catalog will be in-
vestigated further in future catalogs that use alternate
detection strategies with many energy bands, time vari-
ability, or are optimized for sources like heavily obscured
AGN (e.g. Koss et al. 2016). Future catalog papers will
compare sources in the Palermo 100 month catalog (Seg-
reto et al. in prep).
3. THE SWIFT -BAT 105 MONTH CATALOG
Table 3 presents the catalog of the Swift -BAT 105
month data. The 105 month catalog in its full extent
can be found in the online version of the journal, and
on the Swift -BAT 105 month survey Web site23. Future
multiwavelength counterpart data for the Swift -BAT 105
month sources will also be available24. In Table 3 we
present the source number in the first column, which has
a consistent order with the previous Swift -BAT 70 month
23 http://swift.gsfc.nasa.gov/docs/swift/results/bs105mon/
24 www.bass-survey.com
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Fig. 5.— Counterpart types in common with the Swift-BAT 105 month sources. Left: INTEGRAL general reference catalog. Right: The
second ROSAT all-sky survey (2RXS) source catalog. Number of sources is shown in the pie chart. Note that the majority of sources in
‘CV / Other stars’ category come from CV (see Table 1). (A color version of this figure is available in the online journal.)
survey catalog. We listed the sources reported from the
Swift -BAT 70 month survey catalog first (1− 1210), and
then we assigned following numbers (1211−1632) for the
newly detected sources in the order of increasing right as-
cension.
We provide the BAT name in the second column, which
is created by the BAT source position along with the
Swift -BAT detection in equatorial coordinates for epoch
J2000.0 in the third and the fourth columns. For the
sources which has been previously published (i.e., the 70
month Swift -BAT catalog), we have used the correspond-
ing BAT name.
The significance of the BAT source detection which is
the ratio between the highest pixel value of the source
from the total-band mosaic flux map and the local noise
is listed in the fifth column. As discussed in Tueller et al.
(2010), we chose 4.8σ significance level as a detection
threshold since one can expect 1.54 sources at the 4.8σ
level from 1.99× 106 independent pixels.
We also provide the name of the counterpart in the
sixth column, identified as described in Section 2.1. The
name of the counterpart can be a well-known optical
source, or it can be a wavelength dependent. Often
these names come from the soft band X-ray archival
data such as Swift -XRT, Chandra, and XMM-Newton.
For the firmly identified counterpart sources, we provide
their equatorial coordinates (J2000.0) in the seventh and
eighth columns.
Table 3 includes 14 − 195 keV flux of the Swift -BAT
sources in units of 10−12 erg s−1 cm−2, with its 90% con-
fidence level in the ninth and tenth columns. The Swift -
BAT flux of each counterpart is extracted from the hard
X-ray map at the location of the identified counterpart
given in the seventh and eighth columns. In order to
measure flux and photon spectral index (Γ), a power-law
model is applied.
The Swift -BAT luminosity of the counterpart is also
provided in Table 3 for sources classified as AGN. We as-
sumed a cosmology with H0 = 70km s
−1 Mpc−1, Ωm =
0.30, and ΩΛ = 0.70 for computing the source luminosity
in a unit of erg s−1 in the 14 − 195 keV band using the
redshift and flux listed in the table.
Lastly, Source type class shown in Table 1 in inte-
ger is provided with detailed source type in the last two
columns.
3.1. BAT Fluxes and Spectra
The fluxes listed in the Table 3 were measured from the
eight BAT bands (14−20 keV, 20−24 keV, 24−35 keV,
35−50 keV, 50−75 keV, 75−100 keV, 100−150 keV, and
150− 195 keV) of the mosaicked maps at the position of
the identified counterpart. For the case of BAT sources
whose counterparts are not known, we measured the flux
from the detected BAT source position using the same
eight BAT bands.
We measured the fluxes of the Swift -BAT sources
by fitting the eight-channel spectra with the pegpwrlw
model (power-law with pegged normalization) provided
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Fig. 6.— Swift-BAT 105 month sources that were not reported in the INTEGRAL general reference catalog (left) and the second ROSAT
all-sky survey (2RXS) source catalog (right). The format is same as that of Figure 5. (A color version of this figure is available in the
online journal.)
TABLE 2
Unidentified sources with 2MASS counterpart in the Swift-BAT 105 Month Catalog
Num BAT Name R.A.a Decl.a Source Typeb 2MASS designation R.A.c Decl.c Sep.d
1293 SWIFT J0628.7 − 8346 97.4441667 −83.7394722 U2 06294867 − 8344217 97.452801 −83.739380 3.40
1340 SWIFT J0850.8 − 4219 132.6658333 −42.1977500 U2 08504008 − 4211514 132.667015 −42.197617 3.20
1362 SWIFT J0958.2 − 5732 149.6466667 −57.4901389 U2 09583496 − 5729199 149.645688 −57.488884 4.90
1454 SWIFT J1503.7 − 6028 226.0675000 −60.3559444 U2 15041611 − 6021225 226.067125 −60.356274 1.38
1479 SWIFT J1617.9 − 5403 244.5320833 −54.1036944 U2 16180771 − 5406122 244.532140 −54.103394 1.07
1525 SWIFT J1800.8 − 4148 270.1758333 −41.7804722 U2 18004247 − 4146466 270.176973 −41.779613 4.35
1554 SWIFT J1857.6 − 0748 284.3962500 −7.5314167 U2 18573532 − 0731513 284.397176 −7.530917 3.77
1583 SWIFT J2033.1 + 0991 308.4137500 9.8260278 U2 20333946 + 0949338 308.414420 9.826065 2.38
1591 SWIFT J2047.0 + 4112 311.6637500 41.3304722 U2 20463963 + 4119471 311.665153 41.329754 4.59
1592 SWIFT J2055.0 + 3559 313.7841667 35.9416389 U2 20550835 + 3556278 313.784820 313.784820 2.78
a The Swift-BAT XRT soft X-ray (3-10 keV) source position in J2000 coordinates.
b U2 indicates ‘Unknown class II’ which is listed in the Table. 1.
c The 2MASS source position in J2000 coordinates.
d Angular separation between the Swift-XRT soft X-ray source position and 2MASS catalog in unit of arcsecond.
by the XSPEC25 software (Arnaud 1996) over the 14−195
keV range as Tueller et al. (2010) and Baumgartner et al.
(2013) presented in previous Swift -BAT catalogs. How-
ever, the applied pegpwrlw model does not always yields
a good fit for the 1632 Swift -BAT sources, since a simple
power-law model cannot explain the wide range of phys-
ical properties of the different objects. For such reason,
we also provide the reduced χ2 value for each source in
Table 3 as an indicator of goodness of fit.
We also used the error function provided by XSPEC in
25 http://heasarc.nasa.gov/xanadu/xspec/
order to estimate error values of the overall flux and the
spectral photon index with the 90% confidence interval.
We provide the eight-channel spectra of the Swift -BAT
105 month survey sources in a format of standard fits file
on our Web site23 and in the online journal. Examples of
the spectra and their fits are shown in the Figure 7 (top
panels).
3.2. Light Curves
Similarly to what was done in the Swift -BAT 70 month
catalog (Baumgartner et al. 2013), we provide monthly
light curves of the Swift -BAT sources that span the 105
8 Oh et al.
Fig. 7.— Example spectra and fits (top panels), light curves (bottom panels) of four Swift-BAT sources in the 105 month catalog. Top:
Normalized counts in unit of s−1 keV−1 for the eight-channel are shown with solid lines of a simple power-law fit. The Swift-BAT name,
counterpart name, BAT number, and spectral photon index (Γ) are shown in the legend. Bottom: Grey shades indicate the observation
period from the end of 70th month (September 2010) to the end of 105th month (August 2013). (The complete set is available in the
Swift-BAT 105 month Web site.23)
month period between December 2004 and August 2013.
For each month of Swift -BAT data, we generated all-
sky total-band mosaic images. Then we extracted the
monthly mosaic fluxes for each hard X-ray detection that
identified over the whole period of observation. Figure 7
shows four example light curves from the Swift -BAT 105
month survey in the bottom panels.
The Crab nebula is of particular importance as it has
been used as a standard candle by X-ray and gamma-ray
studies. Our results for the Crab nebula are consistent
with those reported Wilson-Hodge et al. (2011) with a ∼
7% decline in the 15− 50 keV band from the observation
of the Fermi Gamma-ray Burst Monitor (Meegan et al.
2009). Figure 8 shows composite light curves of the Crab
nebula from RXTE, INTEGRAL, Fermi, and Swift. The
Swift -BAT 70 month data (Swift/BAT mission month
from 1 to 70 in the left panel of Figure 8) confirmed
the variations of 10% in a long-term scales up to the
first 70 month of observations, i.e., September 2010. As
illustrated in the left panel of Figure 8, the monthly light
curve of the Crab nebula increases since September 2010
(∼ 4%).
We provide the light curves of the Swift -BAT 105
month survey sources on the Swift -BAT Web site23 and
in the online journal along with the eight-channel spec-
tra.
3.3. Confused Sources
As mentioned in the Section 2.1 and Table 1, 10 sources
are classified as ‘multiple’ in our catalog when there are
at least two detections in Swift -XRT soft X-ray image.
In these cases, it is possible that the detected Swift -BAT
source has multiple X-ray counterparts significantly con-
tributing to the observed 14−195 keV flux. We explicitly
differentiate those sources in Table 1 and Table 3 using
distinctive source class (15) and type (‘Multiple’).
In the previous 70 month catalog multiple bright soft
X-ray counterparts were found and they were all listed
because of the inability of the low quality Swift XRT
to enable detailed spectral modeling to find the likely
sources. However, subsequent work found that the BAT
emission was often dominated by a single AGN except
in a few unusual cases (e.g. Ricci et al. 2017a). For in-
stance the typical luminosity ratio for dual AGN is large
(1/11, Koss et al. 2012). In this catalog version we report
only one entry for each BAT source with the ‘multiple’
counterpart flag and will discuss the likely counterparts
in future papers when better X-ray data is available.
4. SURVEY CHARACTERISTICS
4.1. Source Positions and Uncertainties
We show the angular separation between the Swift -
BAT position and the position of identified counterpart
as a function of the level of the significance of the Swift -
BAT source detection in Figure 9. As one can expect,
the angular separation (i.e., the positional accuracy of
the Swift -BAT detection) decreases as the level of the
detection significance becomes larger.
For the identified counterparts which are not located
in the Galactic plane (Galactic latitude > +5 or < −5
degree), the estimate of the error radius (in arcminutes)
can be represented as follows
BAT error radius (arcmin) =
√( 30.5
SNR
)2
+ 0.12 (1)
where SNR is the level of the significance of the Swift -
BAT detection. This empirical function explains the po-
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Fig. 8.— Composite light curves (left panel) and a spectrum with a fit (right panel) of the Crab nebula. RXTE/PCA (15 − 50 keV:
red filled dots), INTEGRAL/ISGRI (20 − 50 keV: open green triangles), Fermi/GBM (15 − 50 keV: open blue squares), and Swift/BAT
(14 − 195 keV: black crosses) data are shown based on the Swift/BAT mission month. Data sets have been normalized to its mean rate
in the observation period from August to November 2008. The grey shaded area indicates the observation period from September 2010 to
August 2013. Right panel shows the spectral fit of Crab nebula with its Swift name, catalog number and the measured spectral photon
index. (A color version of this figure is available in the online journal.)
Fig. 9.— The Swift-BAT position error in unit of arcminute as a
function of the detection significance. Sources closer than 5 degree
from the galactic plane are not included. Sources identified from
the Swift-BAT 70 month survey are shown with black filled dots,
while the new detections from the Swift-BAT 105 month survey
are shown with red open circles. The two dashed curves show the
90% and 50% error radius as a function of detection significance.
The inset panel, which corresponds to the grey area in the main
panel, shows the low SNR regime. (A color version of this figure is
available in the online journal.)
sition error radius for the 90% of the Swift -BAT sources
that are not in the galactic plane. The systematic error
of 0.1 arcmin is deduced from the positional error of high
SNR sources (> 200).
4.2. Measured Sensitivity and Noise
Figure 10 presents the distribution of 5σ sensitiv-
ity in units of mCrab measured from the all-sky mo-
saicked map. The achieved median 5σ sensitivity in the
105 month survey is 0.31 mCrab, which corresponds to
7.24 × 10−12 erg s−1 cm−2 in the 14 − 195 keV band,
while 90% of the sky is covered with a sensitivity of 0.36
mCrab (8.40× 10−12 erg s−1 cm−2)26.
Figure 11 shows the measured sensitivity in unit of
mCrab as a function of exposure time. The solid con-
tours are from the 105 month survey while the dotted
contours are from the 70 month survey as a compari-
son. As Baumgartner et al. (2013) described, the curved
tails shown in the 70 month survey in the short exposure
and high 5σ sensitivity regime arise from observations
near galactic center with high systematic noise. The 105
month data are consistent with a sensitivity that scales
with the square root of the exposure time, indicating
that systematic limits to the BAT sensitivity have not
yet been reached.
5. CONCLUSIONS
The Swift -BAT 105 month catalog is the fifth and the
most recent catalog of the Swift -BAT all-sky hard X-ray
survey. The catalog includes 1632 hard X-ray sources de-
tected across the entire sky. Out of these 1632 sources,
422 are new detections with respect to the 70 month cat-
alog, and 320 are reported as hard X-ray sources for the
first time. The Swift -BAT 105 month survey catalog con-
tains 947 non-beamed AGN detected in the hard X-ray
band. Given the fact that most of the 129 unidentified
sources are not located near the galactic plane, the total
number of AGN is likely be more than the current report.
Furthermore, the catalog includes list of beamed AGN
(blazars/FSRQ), cataclysmic variable star (CV), pulsar,
26 A total Crab flux in the 14− 195 keV band is 2.3343 × 10−8
erg cm−2 s−1
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Fig. 10.— Sky coverage vs. sensitivity. Left: Solid line and dotted line represent differential sky fraction for the 105 month and the 70
month survey, respectively. Right: The 0.31 mCrab sensitivity limit of the 105 month survey covering 50% of the sky corresponds to a flux
of 7.24× 10−12 erg s−1 cm−2.
Fig. 11.— The 5σ sensitivity limit for pixels in the all-sky map
as a function of effective exposure time for the 70 month (dotted
contours), and 105 month survey (solid contours). The dashed line
represents a lower limit to the expected Poisson noise.
supernova remnant, high mass X-ray binary (HMXB) as
well as low mass X-ray binary (LMXB) which are impor-
tant references for many scientific studies.
Follow-up observations and studies of the Swift -BAT
sources are being actively pushed forward. Berney et al.
(2015) showed correlations between X-ray continuum
emission and optical narrow emission lines based on the
optical spectroscopic follow-up project (the BAT AGN
Spectroscopic Survey, Koss et al. 2017). The relation-
ship between optical narrow-line emission line ratios
and Eddington accretion rate was investigated by Oh
et al. (2017). Lamperti et al. (2017) also explored near-
Infrared (NIR, 0.8 − 2.4µm) spectroscopic properties of
102 Swift -BAT selected AGN. Detailed studies of X-ray
properties such as spectral photon index (Trakhtenbrot
et al. 2017) and obscuration (Ricci et al. 2017b) have
been made, and the correlation between merger stage of
interacting systems and their Eddington accretion rate
(Koss et al., in prep.) is currently in preparation. Mean-
while, Swift -XRT observations are currently being car-
ried with 10 ksec of exposure time as part of a filler pro-
gram for all the sources detected by Swift -BAT without
soft X-ray observations.
Time variability, soft and hard bands studies of the
Swift -BAT sources will be explored in future catalogs.
Furthermore, while we selected sources based on a 4.8σ
detection threshold using a Crab like spectra, more
sources can be detected using the spectral curvature or
harder/softer Γ (Koss et al. 2013, 2016) which we also
plan to publish in future catalogs. As a final remark, we
address that we are currently working on the 148 months
catalog as of time of this writing.
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TABLE 3
Catalog of Sources in the 105 Month Swift-BAT Survey
No.a BAT Nameb R.A.c Decl.c S/N Counterpart Name R.A.c,d Decl.c,d Fluxe Fluxerr
f Γg Γerr
f χr
2 zh logLBAT
i Clj Type
1 SWIFT J0001.0-0708 0.22826567 −7.16421807 7.73 2MASX J00004876-0709117 0.2032 −7.1532 13.49 11.10 − 16.01 2.21 1.80 − 2.70 1.3 0.0375 43.64 50 Sy1.9
2 SWIFT J0001.6-7701 0.4453023 −77.00031053 6.32 Fairall 1203 0.4419 −76.954002 13.23 10.47 − 15.97 1.62 1.22 − 2.04 2.2 0.0584 44.03 50 Sy1.9
3 SWIFT J0002.5+0323 0.61264578 3.36496155 5.50 NGC 7811 0.6103 3.3519 10.79 7.89 − 13.64 1.95 1.38 − 2.66 0.7 0.0255 43.20 40 Sy1.5
4 SWIFT J0003.3+2737 0.85635079 27.64336602 5.98 2MASX J00032742+2739173 0.8643 27.6548 10.29 7.75 − 12.77 2.12 1.61 − 2.73 0.4 0.0396 43.58 50 Sy2
5 SWIFT J0005.0+7021 0.93403447 70.35778508 8.52 2MASX J00040192+7019185 1.0082 70.321701 13.41 11.09 − 15.70 2.07 1.68 − 2.52 1.0 0.0960 44.49 50 Sy1.9
6 SWIFT J0006.2+2012 1.5962887 20.24152838 10.42 Mrk 335 1.5813 20.2029 15.97 13.70 − 18.44 2.31 1.97 − 2.71 0.6 0.0258 43.38 40 Sy1.2
7 SWIFT J0009.4-0037 2.30481254 −0.63899431 4.26 2MASX J00091156-0036551 2.2982 −0.6152 10.17 7.09 − 13.58 1.68 1.00 − 2.43 0.3 0.0733 44.13 50 Sy2
8 SWIFT J0010.5+1057 2.61619405 10.96925199 14.02 Mrk 1501 2.6292 10.9749 30.34 27.53 − 33.40 1.82 1.61 − 2.04 0.6 0.0893 44.78 80 Beamed AGN
9 SWIFT J0017.1+8134 4.48306744 81.56889298 8.57 [HB89] 0014+813 4.2853 81.585602 11.39 9.52 − 13.47 2.42 1.99 − 2.95 0.7 3.3660 48.06 80 Beamed AGN
10 SWIFT J0021.2-1909 5.28922832 −19.16210625 10.37 2MASX J00210753-1910056 5.2814 −19.1682 19.60 17.51 − 22.34 2.00 1.70 − 2.33 0.7 0.0956 44.65 50 Sy2
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·
1211 SWIFT J0000.5+3251 0.12486334 32.84692132 5.00 IC 5373 0.120042 32.782361 8.75 6.30 − 11.38 1.98 1.39 − 2.71 0.4 0.0327 43.33 70 Unknown AGN
1212 SWIFT J0005.3-7443 1.317384 −74.43836876 5.69 2MASX J00052036-7426403 1.335083 −74.4445 13.38 10.67 − 16.27 1.47 1.01 − 1.93 0.5 0.1316 44.79 40 Sy1
1213 SWIFT J0007.6+0048 1.86362056 0.79791497 6.14 SWIFT J0007.6+0048 1.86362056 0.79791497 4.62 1.72 − 7.61 2.46 0.00 − 0.00 1.0 15 multiple
1214 SWIFT J0007.8-4133 1.95485005 −41.33825386 5.02 SWIFT J0007.8-4133 1.95485005 −41.33825386 7.95 5.44 − 10.59 1.98 1.20 − 2.92 0.9 12 U3
1215 SWIFT J0029.1+5937 7.2640995 59.37786835 13.02 V* V1037 Cas 7.262833 59.572 9.07 6.72 − 11.55 2.11 1.59 − 2.73 1.7 190 LMXB
1216 SWIFT J0043.9-5009 10.98664198 −50.15811909 4.85 NGC 238 10.857292 −50.182833 5.09 3.43 − 6.73 3.00 2.05 − 4.53 0.5 0.0287 42.98 70 Unknown AGN
1217 SWIFT J0046.1-4214 11.5214802 −42.14775165 5.73 PKS 0043-42 11.573958 −42.130972 10.94 8.30 − 13.73 1.67 1.13 − 2.28 0.3 0.1160 44.58 60 LINER
1218 SWIFT J0047.3+1445 11.8283861 14.7373579 5.18 UGC 00488 11.830872 14.703535 11.28 8.29 − 13.78 1.67 1.13 − 2.27 0.6 0.0393 43.61 40 Sy1
1219 SWIFT J0048.9+8229 12.25550056 82.52462277 5.90 2MASX J00502684+8229000 12.61275 82.483361 10.34 7.95 − 12.32 1.86 1.35 − 2.43 0.7 70 Unknown AGN
1220 SWIFT J0052.9+6630 13.24044986 66.50208507 5.18 2MASX J00531665+6630336 13.3179167 66.5083333 10.69 8.06 − 12.87 1.64 1.02 − 2.40 1.4 11 U2
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·
References. — Abazajian et al. 2009; Acero et al. 2015; Ajello et al. 2012, 2016; Alam et al. 2015; Baumgartner et al. 2013; Beckmann et al. 2009; Berton et al. 2015; Bird et al. 2010; Buttiglione et al. 2011; Chavushyan
et al. 2002; Chen et al. 2015; Coleiro et al. 2013; Courtois et al. 2009; Cowperthwaite et al. 2013; Cusumano et al. 2010a,b; D’Abrusco et al. 2014; de Ruiter et al. 1998; Edelson & Malkan 2012; Grebenev et al. 2013;
Haakonsen & Rutledge 2009; Hakobyan et al. 2012; Hau et al. 1995; Healey et al. 2008; Hiroi et al. 2013; Huchra et al. 2012; Jones et al. 2009; Karachentseva et al. 2010; Karasev et al. 2012; Kuraszkiewicz et al. 2009;
Landi et al. 2017; Loveday 1996; Malizia et al. 2012, 2016; Mahony et al. 2010, 2011; Maiorano et al. 2011; Makarov et al. 2014; Maselli et al. 2013; Massaro et al. 2009, 2012; Mele´ndez et al. 2014; Molina et al. 2012;
Momcheva et al. 2015; Oh et al. 2011, 2015; Parisi et al. 2014; Paturel et al. 2003; Raimann et al. 2005; Ratti et al. 2010; Rojas et al. 2017; Roman et al. 1996; Rousseau et al. 2000; Straal et al. 2016; Sweet et al. 2014;
Tomsick et al. 2009, 2012, 2016; Tzanavaris et al. 2014; Uzpen et al. 2007; Vasudevan et al. 2013; Ve´ron-Cetty & Ve´ron 2001, 2010; Warwick et al. 2012; Xiong et al. 2015
Note. — (This table is available in its entirety in a machine-readable form in the online journal. A portion is shown here for guidance regarding its form and content.)
a BAT number. The provided index is same with that of the 70 month catalog. For the new detections, the index is assigned in the order of increasing right ascension which is given in the third column.
b BAT Name.
c J2000 coordinates.
d Coordinate of counterpart is taken from NED or SIMBAD. If no counterpart is known, the BAT position is listed. In case of source type of U2 whose soft X-ray coordinate is well defined with SNR threshold greater than
3, we provide coordinate of Swift-XRT soft X-ray detection (3 − 10 keV).
e The flux is extracted from the BAT maps at the position listed for the counterpart, is in units of 10−12ergs−1cm−2, and is computed for the 14-195 keV band.
f The error range is the 90% confidence interval.
g The spectral index is computed from a power-law fit to the eight-band BAT data.
h The redshifts are taken from the online databases NED and SIMBAD or in a few cases from our own analysis of the optical data.
i The luminosity is computed from the flux and redshift in this table, with units of erg s−1 in the 14-195 keV band.
j Source class.
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